Coccidia of the genera Eimeria and Zsospora parasitize intestinal cells;' certain species of Eimeria are found occasionally in extraintestinal tissues.' Coccidian stages have been reported in gallbladder epithelium of a goat3 and in intrahepatic biliary epithelium of a calf.2 We report cholangiohepatitis associated with the presence of a coccidium within intrahepatic biliary epithelial cells of a dog.
Coccidian stages have been reported in gallbladder epithelium of a goat3 and in intrahepatic biliary epithelium of a calf.2 We report cholangiohepatitis associated with the presence of a coccidium within intrahepatic biliary epithelial cells of a dog.
A 1%-year-old, 32-kg male Doberman Pinscher with intermittent diarrhea of 3 to 4 weeks duration was presented. Despite treatment with metronidazole, trimethoprim, and sulfamethoxazole, his condition deteriorated over the following week, and he died. Laboratory and clinical findings during this period included a white blood cell count of 20,0001 p1, a serum alanine aminotransferase concentration of 197 international unitdliter, a single fecal specimen negative for parasite eggs or oocysts, and a palpably enlarged liver. Necropsy revealed an enlarged, friable liver with torsion of one lobe.
Liver, submitted in 10% neutral buffered formalin, was embedded in paraffin, sectioned, and stained with hematoxylin and eosin (HE), Masson's trichrome, Giemsa, Mayer's HE, periodic acid-Schiff (PAS), periodic acid-methenamine silver, Grocott's methenamine silver, and Brown and Hopp's tissue Gram stain. Formalin-fixed tissues were also post-fixed in osmium tetroxide, embedded in epoxy resin, thin sectioned, and stained with uranyl acetate and lead citrate for transmission electron microscopy. The liver had severe chronic suppurative cholangiohepatitis. The larger bile ducts were markedly dilated, often had irregular luminal profiles, and were filled with neutrophils, mucus, and small amounts of cellular debris (Fig. 1) . The surrounding portal connective tissue was expanded by moderate numbers of neutrophils, macrophages, plasma cells, lymphocytes, and occasional eosinophils interspersed with fibroblasts. Inflammatory cells frequently extended beyond the limiting plate into the periportal parenchyma. In some areas, periportal hepatocytes were replaced by the inflammatory infiltrate, and adjacent hepatocytes were degenerate or necrotic. In other areas, periportal sinusoids were congested, and the parenchyma was compressed by the portal inflammatory process. Several of the more severely affected bile ducts were partially or completely denuded of epithelium. Extensive areas of hemorrhage were present in some portal areas. Approximately 50% of smaller bile ducts and associated portal areas exhibited similar, but generally milder changes. Biliary epithelial cells lining affected ducts were often mildly hypertrophied and had large vesicular nuclei with one or two prominent nucleoli. They were occasionally layered as many as eight cells deep, and mitotic figures were seen. Frequently, small clusters of biliary epithelial cells at the luminal surface were necrotic. Scattered biliary epithelial cells lining severely affected bile ducts contained stages of a protozoa ( Fig. 2 ). Bacteria were not seen in the lesions.
Only asexual stages (meronts) of coccidia were seen. Meronts were present in intact biliary epithelial cells, sloughed epithelial cells, and some were free in the lumina of small bile ducts. The meronts and merozoites were PAS-negative. A11 stages of merogony from uninucleate to fully mature meronts were seen. Multinucleated meronts stained more prominently with hematoxylin than did mature and uninucleate meronts. Merozoites originated from the periphery of a prominent eosinophilic residual body (Fig. 2) . Meronts were located in a parasitophorous vacuole within the cytoplasm (Fig. 3) . Mature meronts were 10-20 x 5-12 pm (n = 11) and contained up to 35 merozoites. The nucleus in merozoites was central to subterminal. Merozoites were approximately 3-5 x 1.0-1.4 pm (n = 6). Mature merozoites had features of an apicomplexan coccidium including a tri-layered plasmalemma, a prominent conoid, subpellicular microtubules, and few rhoptries anterior to the nucleus. The rice grain-like micronemes were scattered anterior to the nucleus (Fig. 4) .
The coccidia previously found to infect the dog include members of the genera Toxoplasma, Neospora, Hammondia, Sarcocystis, Cryptosporidium, and Zsopora. None has been described in the biliary epithelium of the dog. Toxoplasma, Hammondia, and Neospora divide asexually in the intermediate host (dog) by endodyogeny (essentially division into two). Multinucleated meronts, as seen in this dog, are absent. The intravascular meronts of Sarcocystis are located directly in the host cell cytoplasm, not within a parasitophorous vacuole. The meronts in this case were always within parasitophorous vacuoles. Cryptosporidium differs from the organism in this case in several ways. Cryptosporidia are typically located along the apical border of the host cell in a position that has been described as intracellular but extracytoplasmic.' A maximum of eight merozoites are produced in a meront, and a feeder organelle is p r e~e n t .~ Thus, of the six genera previously demonstrated to infect the dog, five do not share the characteristics exhibited by the organism described in this case. The structure of the meronts and merozoites and the intracellular location of the organisms are similar to those of Zsospora spp. Although several species of Zsospora can occur at extraintestinal sites (lymph nodes, liver, spleen, and skeletal muscle), clinical disease has not been associated with their presence.'j The structure and location of the organisms are also consistent with those of Stress is thought to increase host susceptibility to infection. The increased susceptibility is due in part to increased endogenous glucocorticosteroid concentration. Glucocorticosteroids are immunosuppressive and blunt the acute phase of inflammation by interference with interleukin-1 .4 Glucocorticosteroid-induced hyperferremia has been suggested as an additional mechanism for stress-induced susceptibility to infection. Horses8 and dogss have been shown to respond to exogenous glucocorticosteroids with increased serum iron concentration. Hyperferremia due to therapeutic or endogenous glucocorticosteroids may contribute to bacterial infection in these species. Hyperferremia following iron supplementation may contribute to bacterial septicemia.2J0
Stress and attendant increases in endogenous glucocorticosteroids are thought to contribute to the respiratory disease complex of cattle. We examined the effect of glucocorticosteroid administration on serum iron, zinc, and copper concentrations, and serum total iron-binding capacity (TIBC) in cattle. Because serum iron concentration was increased by the administration of glucocorticosteroids in dogs and horses, we anticipated a similar response in cattle treated with the glucocorticosteroid dexamethasone.
Twelve 139-207-kg cattle were randomly assigned to two groups. Blood samples were collected in trace mineral grade serum collection tubes (Terumo Medical Corp., Elkton, MD). Samples were collected in the morning, on days 0, 2, and 5 , to establish baseline values for serum iron, copper, and zinc concentrations and serum TIBC. After blood collections on days 5, 6, and 7, each animal in the treated group received 2 mg dexamethasone (TechAmerica Group, Inc., Elwood, KS) intravenously; control animals received equal volumes of sterile saline. Regular blood collections were continued to day 19. Serum copper and zinc concentrations were determined by atomic absorption spectrometry. Serum iron concentration and TIBC were measured c~ulometrically.~ Differences between groups' mean serum trace metal concentrations and mean TIBC were evaluated for significance by Student's t-test.'
Dexamethasone administration caused a sharp decline in serum iron concentration (Fig. 1 ) and a gradual decline in serum zinc concentration (Fig. 2) . Treated animals' serum iron concentrations were significantly lower (P < 0.05) than control animals for 3 days. Serum iron concentration in treated cattle returned to control values 1 day after dexamethasone injections ceased. Serum zinc concentration declined gradually for 3 days after dexamethasone injections were started, with a statistically significant (P < 0.05) difference on the third day.
Serum copper concentration was not significantly (P > 0.05) altered by dexamethasone administration. Mean (SD) serum copper concentration (ppm) prior to treatment was 1.08 (0.2 1) in the control group vs. 0.9 1 (0.14) in the treated group. In the 4 days after dexamethasone treatment was initiated, mean (SD) serum copper concentrations for control vs. treatedgroups were: 1.06 (0.29) vs. 0.88 (0.43); 0.93 (0.41) vs. 1.04 (0.13); 0.95 (0.27) vs. 1.04 (0.16); and 0.89 (0.32) vs. 0.97 (0.17). Mean serum TIBC also was not significantly affected by dexamethasone administration. Mean (SD) TIBC (pg/ml) for control and treated groups prior to dexamethasone administration were 388.3 (102.6) and 398.7 (49.3), respectively. In the 4 days after dexamethasone treatment was initiated, mean (SD) TIBC for control vs. treated groups was: 409.3 (89.3) vs. 426.6 (41.6); 410.2 (86.3) vs. 425.0 (57.3); 413.7 (78.1) vs. 402.8 (40.9); and 431.8 (88.2) vs. 410.7 (39.0).
Decreased serum zinc concentration associated with dexamethasone administration is consistent with other studies. Glucocorticosteroids cause acute hypozincemia, increased hepatic metallothionine gene expression, and redistribution of hepatic zinc.3
On the basis of similar studies in horses6 and dogs,5 hypoferremia following glucocorticosteroid administration to cattle was not expected. Hypoferremia associated with inflammation has been attributed to slowed release of iron from the storage pool in the monocyte-macrophage system, lactoferrin-iron complex uptake by the monocyte-macrophage system, increased liver apofemtin synthesis, or some combination of these mechanism^.^ Although the mechanism
